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[#&%7) Atmospheric Optical Wave Propagation
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Free-Space vs. Atmospheric Propagation

* Molecular Constituents

» Atmospheric Turbulence

* Clouds, Fog, Snow, and Rain

* Smoke and Dust

Atmospheric Turbulence

» Refractive-Index Fluctuations
» Kolmogorov Inertial-Subrange Spatial Spectrum

» Taylor’'s Hypothesis (Frozen-Flow) Temporal Behavior

Extended Huygens-Fresnel Principle

* Mutual Coherence Function Behavior

e Scintillation Behavior
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Line-of-Sight Propagation Phenomena

» Attenuation, Depolarization

» Beam Spread, Angular Spread
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* Doppler Spread: time-dependent fading
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Beam Spread and Angular Spread
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e Tranmitter averaging
— multiple transmitters (?)

— dispersion

e Predistortion

— reciprocity a concern
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e Recelver aperture averaging
— photon bucket
— multiple incoherent receivers and power combining

Incoherent combining gains as N2

Coherent compensation

— deformable mirror, MEM

— coherent receiving array

— non-linear four-wave mixing

Coherent combining gains as N but more
complex
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Turbulence Mitigation Techniques

*Time diversity

*Coding and interleaving
long interleaver size a burden for high rates
espace-time coding

Frequency diversity
ecomplex and wideband

*Transport layer protocol
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« LESS COMPLEX THAN ADAPTIVE OPTICS
« NO SERVO CONTROL (no Greenwood frequency dependence)
« REQUIRES DEVELOPMENT WORK
« KEY ISSUES
FIBER COUPLING EFFICIENCY
NOISE PENALTY
DISPERSION
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Multi-mode Coherent Recelvers

Electrical signal

/.~~~ __Subapertures com/bmmg

| l/ /
[} | /
/ I
/ I
e / [
/ /

Decision
Electronics

\‘ Data
»@*T__P

~o
~
~
~
~
~
~
~
~
~
~<

_ ¢ Balanced
«Coherent receiver array coherent
«Sensitive balanced receiver receiver
«Each element requires | D
angle and phase tracking D %

eFeedback control

IDS

MIT

REVIEW OF THIS MATERIAL DOES NOT IMPLY DEPARTMENT OF DEFENSE INDORSEMENT OF FACTUAL ACCURACY OR OPINION



APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED

Time Diversity Transmission P

o

s

P

o) iy
r_-" e .. 'r,‘_-
| =
A C{EK |2

| - =
b
7

4
4[4
i

s

: 1____
iy

@
I= * e ¢ Data Stream
c |
O | Repeat interval T >> Fade duration
= Fade '
duration ® ¢ o Chip Stream
- 1_ Detect | Delay| | Electrical
g Chip T — ectrica
o 2 Chip Data
Q Combiner
CD Out
a4 ~. — Detect | Delay| Z> Threshold
. Chip T £/ Detect |~
@) ~ Detect _/
@’ ! — Chip
[ |ams Detection |~
Filter
MIT

REVIEW OF THIS MATERIAL DOES NOT IMPLY DEPARTMENT OF DEFENSE INDORSEMENT OF FACTUAL ACCURACY OR OPINION



SAcH ey
g+ }

APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED

#&%)) Frequency Diversity Transmission
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‘) Outdoor-Path Test Bed Facilities i

« High data rate (~1 Gb/s) 1.55-um communication system
e Commercial off-the-shelf components and subsystems
 Interface with existing fiberoptic networks

« Mitigation techniques for handling naturally occurring
atmospheric turbulence:

— Spatial diversity reception

— Time diversity transmission
— Frequency diversity transmission
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Experimental Concept Demonstration i

0.5-km open-air path
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e Outdoor link to handle prevailing atmospheric conditions

e Communication performance using transmitter and receiver
diversity combining techniques and modulation protocols

« Verification of statistical models and system designs
» Feedback for system design/optimization research
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